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We have previously reported on a system for large-scale molecular virus screening of clinical samples. As
part of an effort to systematically search for unrecognized human pathogens, the technology was applied for
virus screening of human respiratory tract samples. This resulted in the identification of a previously unknown
polyomavirus provisionally named KI polyomavirus. The virus is phylogenetically related to other primate
polyomaviruses in the early region of the genome but has very little homology (<30% amino acid identity) to
known polyomaviruses in the late region. The virus was found by PCR in 6 (1%) of 637 nasopharyngeal
aspirates and in 1 (0.5%) of 192 fecal samples but was not detected in sets of urine and blood samples. Since
polyomaviruses have oncogenic potential and may produce severe disease in immunosuppressed individuals,
continued searching for the virus in different medical contexts is important. This finding further illustrates
how unbiased screening of respiratory tract samples can be used for the discovery of diverse virus types.

Persistent virus infections are an integrated part of human
life. Most humans are persistently infected with one or more
herpesviruses, papillomaviruses, polyomaviruses, and anellovi-
ruses and remain healthy. Nevertheless, many of these viruses
may occasionally produce severe disease (21, 32, 34, 37). Iden-
tification of previously unrecognized viral species is technically
difficult. Thus, many potentially medically important persisting
human viruses most likely remain undetected.

Polyomaviruses are small DNA viruses capable of persistent
infection and having oncogenic potential. They have been
found in many mammals and birds worldwide. Two polyoma-
viruses are known to normally infect humans, JC virus (JCV)
and BK virus (BKV), both discovered in 1971 (13, 30). They
are genetically closely related to each other, and both viruses
show 70 to 80% seroprevalence in adults (23). The routes of
acquisition and sites of primary infection are largely unknown,
but both viruses can establish a latent infection in the kidneys
and, in the case of JCV, also in the central nervous system (31).
Persistent replication in the kidneys is evidenced by the fact
that JCV, and occasionally also BKV, can be detected in the
urine of healthy adults (23). BKV has also been detected in the
feces of children (35). JCV and BKYV are highly oncogenic in
experimental animals, but a role in the development of human
tumors has not been established (25). Disease caused by hu-
man polyomaviruses has been observed in immunosuppressed
individuals. JCV is the causative agent of progressive multifo-
cal leukoencephalopathy, a demyelinating disease of the brain
and a feared complication of AIDS (21). This disorder has
recently received renewed attention after the occurrence of
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fatal cases among patients treated with natalizaumab for mul-
tiple sclerosis (22, 24). BKV has been associated with post-
transplantation nephropathy and hemorrhagic cystitis in hema-
topoietic stem cell transplant (HSCT) recipients (7, 17). In
addition to JCV and BKYV, there are reports on the presence of
the primate polyomavirus simian virus 40 (SV40) in humans,
possibly introduced by contaminated poliovirus vaccine pro-
duced in monkey cells (4), although other ways of transmission
have also been suggested (10, 27). SV40 genomic sequences
have been detected in human malignant mesothelioma tumors,
but its role in human tumor development remains debated
(25).

We have developed a system for large-scale molecular
screening of human diagnostic samples for unknown viruses
(2). With this technology, we have initiated a systematic search
for previously unrecognized viruses infecting humans in order
to identify agents that are potentially involved in human dis-
ease. We describe here the identification and molecular char-
acterization of a hitherto unknown human polyomavirus,
which is only distantly related to the other known primate
polyomaviruses. In analogy with the nomenclature of the other
human polyomaviruses, we propose the name KI polyomavi-
rus, KIPyV, for the newly discovered virus.

MATERIALS AND METHODS

Molecular virus screening. As part of a systematic search for unknown viruses
in clinical respiratory tract samples, a screening library was constructed from
cell-free supernatants of 20 randomly selected nasopharyngeal aspirates made
anonymous and submitted to the Karolinska University Laboratory, Stockholm,
Sweden, for the diagnosis of respiratory tract infections. The samples were
collected from March to June of 2004 and stored at —80°C until analyzed. This
study was approved by the Karolinska Institutet local ethics committee. The
procedure used for identification of virus nucleic acid sequences, molecular virus
screening, has been described previously (2). In brief, samples were pooled and
the pool was divided into two aliquots, which were filtered through 0.22- and
0.45-pm-pore-size disc filters (Millex GV/HV; Millipore), respectively. Both
aliquots were ultracentrifuged at 41,000 rpm in an SW41 rotor (Beckman) for 90
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min. The resulting pellet was recovered, resuspended, and treated with DNase
before DNA and RNA were extracted (1). Extracted DNA and RNA were
amplified separately by “random PCR” (2, 12). The amplification products were
separated on an agarose gel, and fragments between approximately 600 and
1,500 bp in length were cloned. A total of four libraries were generated, derived
from DNA or RNA, and filtered through a 0.22- or 0.45-pm filter. Ninety-six
clones from each library were sequenced bidirectionally, i.e., a total of 384
clones. A set of specially designed C++ and Perl programs were used for
automated quality trimming, clustering, BLAST searches, sorting, and format-
ting of the sequence reads. The output was a sorted list of the best database hits
for nucleotide and translated sequences.

Genomic analysis of the KIPyV genome. A 4,808-bp-long PCR product reach-
ing around the circular DNA genome was generated by primers directed “out-
ward” from the first cloned fragment (Pol-82R [TTGACTTCTTGGCCTTGTT
AG] and Pol-315F [AGATGCTGACACAACTGTATG]) and by using a long-
range enzyme mixture (Platinum Tag High Fidelity; Invitrogen). A second PCR
product of 500 bp overlapping both ends of the long product and closing the
circle was generated by primers PolconF (GGATTTTGTATGTGCTAGAAC)
and PolconR (TTAACTAGAGGTACAACAAGC). Both PCR products were
directly sequenced in order to obtain a consensus sequence for the complete
genome. The same procedure was applied for determining the full-length se-
quences of three isolates. Putative open reading frames (ORFs) were identified,
and sequences were aligned with Clone Manager Suite 6 (version 6.00) and Align
Plus (version 4.10) (Scientific and Educational Software, Durham, NC). Predic-
tion of putative binding sites for transcription factors was performed by com-
parison with consensus sequences and with the help of the AliBaba software
(version 2.1) (16).

Phylogenetic analysis. All sequences were downloaded from GenBank, except
those of murine pneumotropic virus, which were based on a corrected sequence
(T. Ramqpvist, unpublished data). Accession numbers are available upon request.
The complete genomes and the amino acid sequences of the early and late
proteins, respectively, were aligned and neighbor-joining trees generated with
ClustalX version 1.83. The data were bootstrapped with 1,000 replicates, and
trees were viewed with NJplot. For whole-genome analysis, the noncoding con-
trol regions were removed in accordance with established conventions and the
first nucleotide in the T antigens was designated nucleotide 1.

PCR for detection of KIPyV. PCR experiments for detection of KIPyV were
performed in a diagnostic laboratory setting, ensuring that the necessary precau-
tions to avoid contamination were taken. Positive and negative controls were
included in each experiment. DNA was extracted by commercially available kits
as described under the respective sample type. Five microliters of extracted DNA
was used as the template for the nested PCR. The 50-ul reaction mixtures used
for the first and second PCRs consisted of 1X GeneAmp PCR buffer IT (10 mM
Tris-HCI [pH 8.3], 50 mM KCI; Applied Biosystems), 2.5 mM MgCl,, 0.2 mM
each deoxynucleoside triphosphate, 2.5 U of AmpliTaq Gold DNA polymerase
(Applied Biosystems), and 20 pmol of each of the primers. The first-PCR primers
were POLVP1-39F (AAG GCC AAG AAG TCA AGT TC) and POLVP1-363R
(ACA CTC ACT AAC TTG ATT TGG). The second-PCR primers were
POLVPI-118F (GTA CCA CTG TCA GAA GAA AC) and POLVPI-324R
(TTC TGC CAG GCT GTA ACA TAC). The cycling conditions for the first and
second PCRs were 10 min at 94°C, followed by 35 cycles of amplification (94°C
for 1 min, 54°C for 1 min, and 72°C for 2 min). Products were visualized on an
agarose gel. The product size after the second PCR was 207 bp. All PCR
products were sequenced in order to confirm that they were specific for KIPyV.

Prevalence study populations. (i) Nasopharyngeal aspirates. Six hundred thirty-
seven stored nasopharyngeal aspirates submitted to the Karolinska University
Laboratory for diagnosis of respiratory virus infections from July 2004 to June
2005 were studied. Sampling month, patient’s age and sex, and routine diagnostic
(immunofluorescence and virus culture) findings were recorded before samples
were made anonymous. The median age of the sampled patients was 7 years
(range, 0 months to 90 years). Two hundred seventy-one samples came from
children <2 years old. Total nucleic acids were extracted from 200-pl samples by
the MagAttract Virus Mini M48 kit (QIAGEN), and nucleic acids were eluted in
100 wl. Eluted nucleic acids were initially analyzed in pools of 10 samples, and 5
wl of the pool was used as the template for the PCR. Single samples from
PCR-positive pools were analyzed.

(ii) Feces. One hundred ninety-two fecal samples submitted to the Karolinska
University Laboratory for diagnosis of virus infections from 1 July 2005 to 30
November 2005 were studied. Samples were mainly submitted for diagnosis of
gastroenteritis. Basic sampling data were recorded before samples were made
anonymous. The median age of the sampled patients was 1 year (range, 0 months
to 17 years). One hundred nineteen samples came from children <2 years old.
Nucleic acids were extracted from 400 pl of a frozen 20% feces suspension by
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MagAttract Virus Mini M48 kit and the Biorobot M48 instrument (QIAGEN)
and eluted in 100 pl, and 5-pl samples were used for subsequent individual PCR
assays.

(iii) Urine of HSCT recipients. One hundred fifty urine samples collected from
HSCT recipients for the study of BKV and JCV were analyzed (14). Fifty of the
samples were selected on the basis of previous analysis results; 20 were previously
shown to be positive for BKV, 8 were positive for JCV, 2 were positive for both
BKYV and JCV, and 20 were negative for both viruses. JCV and BKV status was
unknown for the remaining 100 samples. As described previously, samples were
analyzed by PCR without preceding DNA extraction (6).

(iv) Serum of HSCT recipients. Thirty-three serum samples drawn from 17
HSCT recipients 2 to 6 weeks after transplantation were studied. Total nucleic
acids were extracted from 200 pl of serum by QIlAamp Virus Spin Kit (QIAGEN)
and eluted in 50 pl.

(v) Whole blood. Whole EDTA blood from 192 healthy volunteer blood
donors in Stockholm was analyzed. DNA was extracted from 200-pl samples
with the MagAttract DNA Mini M48 kit and the Biorobot M48 instrument
(QIAGEN) and eluted in 50 pl.

(vi) Leukocytes. Ninety-six frozen preparations of Ficoll-separated leukocytes
were studied. Samples were originally sent to the laboratory for diagnosis of
cytomegalovirus by PCR and virus culture and therefore mainly originated from
immunosuppressed patients. DNA was extracted from 10° cells with the Mag-
Attract DNA Mini M48 kit and the Biorobot M48 instrument (QIAGEN) and
eluted in 100 pl.

Nucleotide sequence accession numbers. The sequences reported in this paper
have been deposited in the GenBank database under accession no. EF127906
(KIPyV isolate 60), EF127907 (KIPyV isolate 350), and EF127908 (KIPyV
isolate 380).

RESULTS

Molecular virus screening of 20 respiratory tract samples. A
virus-enriched DNA-cDNA library was constructed from 20
randomly selected nasopharyngeal aspirate samples by a pre-
viously published protocol (2). After vector and low-quality
sequences were automatically discarded, sequence reads from
374 (97%) clones remained for database searches. By auto-
mated nucleotide and translated BLAST searches (3), the se-
quences were categorized as likely (expected value, <10~%)
human (73%), bacterial (5%), phage (1%), unknown (2%),
and virus (20%) sequences. Sixty-nine of the 74 clones with
viral sequences matched human rhinovirus or enterovirus spe-
cies. Reliable discrimination of rhinovirus from enterovirus
sequences or type determination could not be performed on
the basis of the unassembled sequence reads. Five clones
closely matched respiratory syncytial virus. In addition to these
virus-like clones, a single clone of 363 bp showed weak amino
acid similarity (30% identity, expected value = 0.011) to VP1
of SV40 and was selected for further studies.

Genome analysis of KIPyV. The source nasopharyngeal as-
pirate sample containing the SV40-like sequence was identified
by PCR analysis of aliquots saved before pooling. The positive
sample was named Stockholm 60. A second PCR product
reaching around the circular DNA genome was used as a
template for determining the complete consensus viral genome
sequence. The genome was confirmed to be circular and 5,040
nucleotides in length (accession number EF127906). Two ad-
ditional isolates that were identified during the subsequent
prevalence study (see below) were sequenced by the same
approach. (Stockholm 350, accession number EF127907,
Stockholm 380, accession number EF127908). The three ge-
nomes were highly similar. Both isolates Stockholm 350 and
Stockholm 380 differed from the prototype isolate by 10 nu-
cleotide substitutions, and they differed from each other by
seven single bases. The variable positions showed some clus-
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FIG. 1. Genome organization of KIPyV. Putative coding regions
for VP1 to VP3, ST antigen, and LT antigen are marked by arrows.

tering in the regulatory region, but there were also a few
isolate-specific amino acid substitutions in the putative pro-
teins.

Overall genome organization. The genomic organization of
KIPyV is typical for a member of the family Polyomaviridae,
with an early region encoding regulatory proteins (small t [ST]
and large T [LT] antigens) and a late region coding for struc-
tural proteins separated by a noncoding regulatory region (Fig.
1). The genome size is within the range of polyomaviruses.
Properties of the deduced proteins and their similarities to
those of JCV, BKV, and SV40 are shown in Table 1. While the
nonstructural proteins have substantial amino acid sequence
similarity to those of the other primate polyomaviruses, the
structural proteins have a very low degree of similarity to those
of other known polyomaviruses.

Regulatory region. The noncoding regulatory region of poly-
omaviruses contains the promoters for early and late gene
transcription, origin of replication, and transcriptional enhanc-
ers. The core origin of replication of KIPyV contains three
potential LT antigen binding sites, compared to the four found
in most polyomaviruses (Fig. 2). Two of these have the classical
sequence GAGGC, while the third has the sequence GGGGC.
An A/T-rich domain, probably harboring a TATA box for the
early mRNA, lies to the late side of these binding sites. To the
early side of the binding sites, polyomaviruses normally contain
an imperfect palindrome, followed by additional LT antigen
binding sites. KIPyV has three additional potential LT antigen
binding sites where expected, but the there is no palindrome
pattern. In fact, no long palindromes or repeats were found in
the regulatory region of KIPyV. Putative binding sites for tran-
scription factors were predicted in silico. Transcription factors
with more than one putative binding site were c-Ets-1, Oct-1,
and NF-1 (Fig. 3). In addition, there were transcription factors
with a single putative binding site (data not shown). No binding
sites for Sp1 could be found.

J. VIROL.

Early region. In the early region of the genome, there are
putative ORFs for the two regulatory proteins ST antigen and
LT antigen (Fig. 1). On the basis of consensus sequences and
alignments with LT antigens of other polyomaviruses, we pro-
pose a donor splice site for LT antigen at position 4716 and an
acceptor site at position 4328. No middle T (MT) antigen
seems to be expressed on the basis of the following. (i) Both
polyomaviruses that express the MT antigen (murine polyoma-
virus [MPyV] and hamster polyomavirus) use all three reading
frames for synthesis of the ST, LT, and MT antigens, while all
other polyomaviruses, KIPyV included, use either one or, in
some cases, two. (ii) In both MPyV and hamster polyomavirus,
the MT antigen mRNA is produced through splicing, and no
corresponding splice sites have been found in KIPyV. Assum-
ing there is no expression of MT antigen, tiny T antigen can
most likely not be expressed either (33).

The early proteins show similarities to other members of the
polyomavirus family, primarily BKV, JCV, SV40, and simian
agent 12 (SA12), and alignment with the LT antigens of other
polyomaviruses shows that most regions characteristic of LT
antigen are present also in KIPyV. The N-terminal 82 amino
acids (aa) of the ST antigen are common to the LT antigen.
This region encompasses the J domain carrying the conserved
region 1 sequence and the HPDKGG box. In the C-terminal
part that is unique to the ST antigen, there is a cysteine-
rich domain typical of polyomaviruses. In the LT antigen, the
HPDKGG box is followed by a putative Rb binding domain
(LRCNE), a nuclear localization signal, a DNA binding do-
main, a Zn finger region including the zinc finger motif (C-312,
C-315, H-327, H-331), and finally an ATPase-p53 binding do-
main containing the highly conserved GPXXXGKT sequence
(aa 434 to 441). Unlike BKV, JCV, SV40, and SA12, the host
range domain seems to be missing.

Late region. In the late region of the genome, there are
putative ORFs for capsid proteins VP1, VP2, and VP3 (Fig. 1).
As in all polyomaviruses, VP3 is encoded by the same ORF as
VP2 by the use of an internal start codon. There is an overlap
between the C terminus of VP2/3 and the N terminus of VP1,
as is the case in other polyomaviruses. It can be noted that both
VP2 and VP3 of KIPyV are large in comparison with those of
other members of the polyomavirus family (400 and 257 aa,
respectively).

For VP1, there is only one possible start codon, in contrast
to the VP1 proteins of BKV, JCV, and SV40. The degree of
homology with other VP1 proteins is remarkably low (Table 1).
VP1 has only 30% identity with its closest counterparts (those
of JCV and MPyV). In KIPyV VP1, the only region that shows

TABLE 1. Putative proteins encoded by KIPyV*

Amino acid

No. of Calculated
O 00 T B dentity (%) with:

Putative coding

Protein region(s) amino mass
acids  (kDa) gy jcv sv40
VP1 1498-2634 378 41.6 29 30 29
VP2 441-1643 400 41.8 22 23 22
VP3 870-1643 257 28.2 22 24 22
ST antigen 4967-4392 191 232 37 36 40
LT antigen 4967-4716, 4328-2655 641 74.3 48 47 47

“ Molecular masses were calculated by means of the ProtParam web tool
(http://www.expasy.ch/tools/protparam.html).
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KIPyV TTTITTTCTAT-AT-TA--——-2ACEAGGCkAGAGETkARARAAGCCoCl —AGCTTTEI TCTAGAAGARGGAGAGGS——£C—T6-CAGAGGCAT TTCGA-JGAGE T TAGA-GAGEC)
BKV ~ TTTTTTTTATAATATATAA-—--[AGGCL-EAGGChECeTdGCCTChACCCTTTCTCTC-ARGTAGTA-AGGG——TG- 76— —GACGGCI T TT T TIGAGG G TAG——————— c
JCV TTTTTTITAT-—-ATATA--CAGGAGGLL-[EAGGIRECCTAIGCCTCLAAGETTACTC-AGAAGTAGTA-AGGG-—CG-T6——{CAGEOr T TTTAQGAGGOR ~AGG—————— G
SV40 TTITTTITAIT-—-TAT---GCAEAGGLL-EAGGTLGCCTAGCCICIGAGCTATICC-AGRAGTAGTG-AG-—————————— [cacacrrrrrTdEAGGdrTAGGCTTTTSC
SAl2 TTITTTATAATATATAA--—-—-- GIGGTk -GAGGECCTRGCCICACCCTTGC T T-AGAAGTAGTA-AGGG—~TG- TG~ ~[GAGGCI T TTTC TGAGG - TAAAARAATTA
MPyV TTITTTIAGIAT--TAA---CCAGAGGLGEGGGLCCTH-TGCCICLCCTIACTCTGCGAGARARA-GA-AGA-————————— Gacccl-rTccaGAGGORACT-—--TGIC
MPTV TTTTTTTCCAAGGGTATAA--——[GAGGLIGEAGGTE TT-——1[GCCCCraCCTTCACTGCAGAAAGA-GAEAGGT T T-T6Aa—{cacadrTTTea{GaGEar TToc-{GAGEd
BPV  TTTITTCTAT-ATA—————-— SCTEAGGLLGEAGGT) -~ TTAAGCCTCRAACCTGTT ~CTACA-GAASTA-GTGGACAGECETCHGAGECH——-——- GLGCCCTAAAA-GAGGA
LPV  TTTTTTCTACCTGSTATAA—-——[GAGGLRAEGGGECCCH-TAGCCTICRTCCTLTTOTT - CAACARAGAGA— ———————————] GacsclzrT6-fGaGedrTTr cc

' A/T-rich domain

FIG. 2. Alignment of the origins of replication of nine polyomavirus species. Putative binding sites for LT antigen are boxed. MPtV, murine
pneumotropic virus; BPV, bovine polyomavirus; LPV, lymphotropic papovavirus. This alignment is a modified form of that of Mayer and Dorries

(26).

a relatively high degree of similarity to those of other poly-
omaviruses is the sequence that in MPyV VP1 has been shown
to bind calcium, corresponding to approximately aa 237 to 248
in VP1 of KIPyV. Otherwise, VP1 of KIPyV has very limited
homology to those of other polyomaviruses.

The VP2/VP3 gene showed even lower similarity to its coun-
terparts in other polyomavirus species (Table 1). In fact, nei-
ther a nucleotide nor a translated BLAST search with this gene
sequence generated any significant matches in the public da-
tabases. Thus, the identity of this ORF is only indicated by its
position in the genome. VP2 and VP3 of all other polyomavi-
ruses contain a conserved VP1 binding domain (located at
approximately aa 281 to 295 in MPyVP2). No corresponding
sequence is found in KIPyV.

Several polyomaviruses such as BKV, JCV, and SV40 ex-
press an Agno protein from the late mRNA. In KIPyV, the
region between the start codons of VP2 and ST/LT, respec-
tively, is large (513 bp) and this could possibly indicate the
presence of an agno gene. However, there is no corresponding
ORF present in this region.

Phylogenetic analysis. Phylogenetic trees were constructed
on the basis of alignments of the first isolate, Stockholm 60,
with known viruses of the Polyomaviridae family. Analysis of
early protein genes consistently clustered KIPyV with JCV,
BKYV, SV40, and SA12 but as an outlier in this clade (Fig. 4).
Analysis of the complete genome yielded highly similar results
(data not shown). In contrast, analysis of the late protein genes

4968
LT LT LT

consistently placed KIPyV outside the tree as the most distant
group member (Fig. 4).

Prevalence of KIPyV in human samples. In order to inves-
tigate possible replication sites and suitable sample materials
for prevalence studies, several sample sets were investigated
for the presence of KIPyV DNA by a PCR targeting the
gene for VP1 (Table 2). The identities of the PCR products
were confirmed by sequencing. The results were also con-
firmed by a second PCR assay targeting the LT antigen gene.
KIPyV was detected in nasopharyngeal aspirates and feces but
not in urine, whole-blood, leukocyte, or serum samples (Table
2). Two isolates obtained from nasopharyngeal aspirates were
fully sequenced. The ages of the six subjects positive for KIPyV
in the nasopharynx ranged from 1 month to 26 years (median,
2 years), and the subject with positive feces was 3 months old.
In five of the six nasopharyngeal aspirates, a respiratory virus
infection was codetected in the same sample by standard di-
agnostic tests (immunofluorescence and virus culture) (three
respiratory syncytial virus, one human metapneumovirus, and
one influenza A virus), suggesting that KIPyV is not likely
responsible for the symptoms that prompted nasopharyngeal
sampling.

DISCUSSION

The finding of a circular DNA molecule with a genomic
organization characteristic for a polyomavirus and with large

LT LT LT

aEcaachoATdECOAGha TTTAEGOACRCC TanGaGAGASCARS AR AT o T T T TeaHEccn cpArAAACECCAChE Gonch A

Oct-1

NF-1

NVZANTALCL T T CCCCEIGTCATIANT TG ICANCACKIA G TN G TACACACCATACANNCCACACA T CGG I TAT T CANT 0

AT-rich domain

Oct-1 NF-1

CACTCATTACACTICACCACTOTOCACT ATOCCCOLCTTCATCAACCATCCACCOTC TE T TATCCAAAS TCACAACCODAC T IO T

NF-1 NF-1
CAACCACCCCCCAC TCCSTCOAACCACSCCCCAACACAAARARTCC TTC TS TCOACCACTTCARNCATCACACSANC TCTCTCCAZTC
c-Ets-1 NF-1 c-Ets-1
CGALCOC IGEGAAACATCCEG T I CCT T CAC T CCCAT TCAC T CACEA U IS ICACA T T CAAGA T TAGEATC AT ARAC T CAALTCT
Qct-1 Oct-1

CTACAACCGCGGETAGCAGACCTTGEACNCGGACGT ATEZGAAACCTATATL TOCCAGTGETTARAAAT AAAATARAAATT

420

FIG. 3. The noncoding regulatory region with putative binding sites for transcription factors indicated. Putative LT antigen binding sites are
boxed, and other transcription factor binding sites and the A/T-rich domain are underlined.
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FIG. 4. Phylogenetic analysis of LT antigen amino acid sequences (a) and VP1 amino acid sequences (b). Bootstrap values are indicated at each
branching point. Analysis of the ST antigen yielded a phylogenetic tree highly similar to that obtained by LT antigen analysis, and whole-genome
analysis showed a similar pattern. Analysis of VP2 and VP3 yielded results highly similar to those obtained with VP1. GHPV, goose hemorrhagic
polyomavirus; CPyV, crow polyomavirus; FPyV, finch polyomavirus; APV, avian polyomavirus; BPV, bovine polyomavirus; MPtV, murine
pneumotropic virus; LPV, lymphotropic papovavirus; HaPyV, hamster polyomavirus.

regions of amino acid sequence homology with polyomaviruses
strongly suggests that the discovered DNA molecule is indeed
the genome of a previously undescribed polyomavirus. The two
previously known human polyomaviruses JCV and BKV were
named by the initials of the patients in whom the viruses were
first identified (13, 30). This is not the current naming practice.
In order to still conform to the previous nomenclature, we
propose the provisional name KIPyV for the new polyomavi-
rus. Its recovery from eight human samples confirms that it
infects humans, and its partial relatedness to JCV and BKV
and its prevalence in children indicate that humans are likely
the natural host. However, further studies, in particular, sero-
logic studies, are needed in order to confirm this. Intriguingly,
the existence of more human polyomavirus species in addition
to JCV and BKYV has been suggested earlier by the finding of
lymphotropic papovavirus-reactive antibodies in human sera
(36). Whether this observation was indeed related to KIPyV

TABLE 2. Summary of results from the screening of selected
human samples for KIPyV by PCR

No. of o
Sample type Source samples NO'.(.%])
tested positive
Nasopharyngeal Consecutive clinical samples, 637 6(1)
aspirate mainly respiratory tract
disease
Urine HSCT recipients 150 0(0)
Serum HSCT recipients 33 0(0)
Whole blood Blood donors 192 0(0)
Feces Consecutive clinical samples, 192 1(0.5)
mainly gastroenteritis
Isolated frozen Samples sent for CMV* 96 0(0)
leukocytes diagnosis, mainly from
immunosuppressed
patients

“ CMV, cytomegalovirus.

remains to be determined. The nucleotide sequence of KIPyV
has only limited similarity to that of JCV, BKV, SV40, or any
other known polyomavirus. We aligned 18 published primer
pairs used for the detection of JCV, BKV, or SV40 with the
KIPyV sequence and found that none of them could amplify
KIPyV (data not shown). It is thus highly unlikely that the
presence of KIPyV would have influenced earlier studies of
polyomavirus detection by PCR.

Phylogenetic analysis of the complete genome revealed that
KIPyV is clearly separate from all other known polyomavi-
ruses. When the early and late genes were analyzed separately,
disparate results were obtained. While the early genes group
with JCV, BKV, SV40, and SA12, the late genes form an
outlier to the entire polyomavirus family. A possible explana-
tion for this could be that the virus once emerged by recom-
bination of two phylogenetically distant viruses, each contrib-
uting half of the genome. Alternatively, the early region may
simply be more conserved because of more-rigid functional
constraints while the late genes have diverged more rapidly
and become very distant from those of its relatives. It is pos-
sible that future discoveries of additional polyomavirus species,
e.g., in other primates, could make the phylogenetic tree more
complete and provide additional clues to the evolution of
KIPyV. Several new members of the polyomavirus family be-
sides KIPyV have been discovered in the last few years (18, 19).
The unique late region of KIPyV indicates that it may be the
first discovered member of a new subfamily of polyomaviruses.

For assignment of nucleotide numbers, two different systems
are in use for polyomaviruses. Either the nucleotide adjacent
to the start codon of the T antigens, i.e., the first codon in the
regulatory region, or a nucleotide in the origin of replication is
considered nucleotide 1. The numbering we selected for
KIPyV begins within the presumed origin and proceeds clock-
wise through the late region, as has been done for most pri-
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mate polyomaviruses, such as JCV, SV40, SA12, and some
strains of BKV.

On the basis of the ORF analysis, KIPyV is expected to
express VP1 to VP3 and the ST and LT antigens, while the MT
antigen and the Agno protein are both missing. The absence of
the MT antigen is not surprising, since most polyomaviruses,
the primate polyomaviruses included, lack expression of this
particular protein. The lack of an ORF for an Agno protein is
more interesting, since this protein is expressed by JCV, BKV,
SV40, and SA12. The functional implications of this are un-
clear, since the function of the Agno protein remains to be fully
elucidated. However, definitive conclusions about protein ex-
pression require further experimental evidence, e.g., in the
form of mRNA analysis data.

The previously known primate polyomaviruses are generally
not considered to be agents of respiratory tract disease. JCV
and BKV have nevertheless been detected in human tonsil
tissue, and a respiratory route of transmission of polyomavi-
ruses has been hypothesized (9, 15, 28). BKV has also been
found in the feces of children (35). The finding of KIPyV in
nasopharyngeal aspirates and feces is consistent with these
observations. However, the findings provide few clues to rep-
lication or latency sites or to possible disease caused by the
virus. The screening of 1,300 clinical samples still provided
important data. First, the cloning of a virus infecting humans
was confirmed, since KIPyV genomes could be recovered from
multiple individuals and since the isolates showed sequence
variation. Second, the virus was detected in different age
groups. Third, a concomitant finding of a recognized respira-
tory tract pathogen in most positive persons indicated that
KIPyV was likely not the virus responsible for the respiratory
tract symptoms.

The prevalence of KIPyV in humans remains unknown. De-
velopment of an antibody assay and/or finding relevant mate-
rial for detecting latent virus is necessary for improved esti-
mates. The findings obtained with nasopharyngeal aspirates
suggest that the KIPyV prevalence is at least 1% in our study
population. The absence of KIPyV in urine samples suggests
that the biology and/or prevalence of KIPyV in kidneys differ
significantly from those of JCV and BKV.

The cell type tropism and host range of polyomaviruses stem
from both their regulatory regions and the receptor binding
characteristics. The existence of multiple predicted c-Ets-1
transcription factor binding sites prompted us to investigate
whether KIPyV may possibly replicate in lymphocytes in ac-
cordance with lymphotropic papovavirus, which harbors three
putative binding sites for this transcription factor (38). This
hypothesis is consistent with KIPyV being detected in the naso-
pharynx during an inflammatory process due to infection by a
respiratory virus. However, studies of whole blood of healthy
subjects or purified peripheral blood leukocytes of immuno-
suppressed patients did not support this hypothesis. On the
other hand, given the 1% recovery rate in the respiratory tract
samples, sample numbers may still be too small for definite
conclusions. It must also be recognized that KIPyV is as yet
only known by its genome sequence as detected by PCR. The
virus has not been replicated in vitro, and no assay for detec-
tion of antibodies is available. Such experiments will be impor-
tant in the further characterization of this virus.

A few newly discovered viruses have still not been associated
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with disease (20, 29). Nonetheless, the majority of known hu-
man viruses are pathogenic in one situation or another and any
newly discovered virus must therefore be considered a likely
pathogen. A problem with persisting viruses is that they are
often discovered out of their symptomatic context, so that
establishing their association with a particular disease may
require extensive investigation. Historically, this has been the
case for hepatitis B virus, Epstein-Barr virus, and parvovirus
B19 (5, 8, 11). JCV and BKYV are also very prevalent viruses
that cause disease only under rare circumstances. Searching for
a disease associated with KIPyV will be challenging but may
have important medical implications. Primary candidate dis-
eases could include unclear infectious complications in immu-
nocompromised individuals and different types of cancer.
Whether JCV, BKV, and SV40 can contribute to tumor devel-
opment in humans is still a matter of debate, and one could
assume that KIPyV will be subject to the same discussion.
There are putative binding sites for p53, as well as the Rb
family of tumor suppressor proteins, in the LT antigen of
KIPyV, which indicates that a role for this virus in tumorigen-
esis cannot be excluded.

This study reinforces the notion that many human viruses
have eluded detection despite more than 100 years of research
in virology. Since viruses are likely pathogens, their identifica-
tion remains an urgent scientific task. This study further illus-
trates how molecular virus screening of respiratory tract
samples can be applied for discovering unknown viruses of
different types, and not only agents of respiratory tract disease,
thus making it a suitable approach for a “human virome
project”.
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